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ABSTRACT

The proceedings of a NASA/OART - Lewis Research Center
sponsored Space Storable Propellant Propulsion Technology Review
and the sessions attended at the AIAA 4th Propulsion Joint
Specialist Conference are reported herein. The meetings were
held June 11 - 14 at Cleveland, Ohio. Appendix I lists the OART
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MEMORANDUM FOR FILE

The writer attended a space storable review sponsored
by NASA/OART - Lewis Research Center and selected technical ses-
sions of the American Institute of Aeronautics and Astronautics
(ATIAA) Uth Propulsion Joint Specialist Conference during the
period of June 11 - 14, 1968 in Cleveland, Ohio. The OART and
AIAA sessions were not connected but rather the OART review (at
Lewis Research Center) was scheduled to follow the AIAA as a
convenience to the interested parties.

1.0 SPACE STORABLE PROPELLANT TECHNOLOGY REVIEW

These sessions were held the night of June 13 and all
day June 1U4. The meeting was sponsored by OART/RP and Lewis
Research Center to present to selected industrial contractors
the complete scope of OART supported activity in the field of
space storable propellants. Both contractor supported and ir-house
activities were reviewed. A copy of the agenda and a list of
attendees are enclosed as Appendix I. No handouts were provided.
l'hese can be obtained from OART upon request.

The field of space storable technology is perhaps the
area of liquid propellant technology receiving the greatest sup-
port from OART. The majority of the papers presented were con-

cerned with combustion/ignition and material compatibility inves-
tigations.

The results of the OART pro
strated that:

(1) high combustion performance at design mixture
ratios can be obtained with both major space
storable families; FLOX/hydrocarbons and OF2/

B2H6' These combustion data more than justify

the "optimistic" levels of performance assumed
in this department's advanced design studies
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of the MSSRY and PM-2°.

(2) advanced materials based on graphitic structures
have extremely high promise in providing light-
welght combustion devices for fluorinated pro-
pellant systems. Results, particularly by the
Marquardt Corporation, indicate that for these
propellants, the requirements may be satisfied
by free standing graphitic structures. If proven
true, the conventional ablative and/or regenera-
tively cooled chambers will become obsolete. The
inferences can not be underestimated. Several
graphitic composite structures have been run at
both 1000 psia and 100 psia without a realistic
reduction in chamber lifetime (hours compared to
500 seconds for a LM ascent engine).

2.0 AIAA U4th PROPULSION JOINT SPECIALIST CONFERENCE

This annual event purports to present a comprehensive
spectrum of liquid propulsion activities over the past year.
Sessions on electric, nuclear, airbreathing, hydrodynamics, and

selected hybrid and propulsion systems for tactical weapons were
held.

The meetling was disappointing in the respect that most

of the rocket sessions are more adequately <covered in the CPTA3
sponsored technical sessions.

The following sessions were attended by this writer:
I Propulsion Performance of the Saturn/Apollo System
II Launch Operations Effectiveness - Panel

IITI Advanced Materials for High Temperature Propulsion

Applications
IV Space Storable Liquid Rockel Propulsion
V Advanced Pressurization System Technology
1Macchia, D., Skeer, M. H., and Wong, J. - "Conceptual Design of

Structural and Propulsion Systems for a MSSR Rendezvous Vehicle',
Case 103-2, Memo For File, August 5, 1966.

2Marks, A. E. - "Small Space Propulsion Stage Preliminary Design",
Bellcomm Technical Memorandum to be published.

3CPIA - Chemical Propulsion Informatlon Agency of the John Hopkins
University's Applied Physics Laboratory.
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VI Low Cost Boosters (Confidential) (H. S. London
also attended this session).

In general, the sessions presented state-of-the-art.
A list of preprints obtalned is enclosed as Appendix II. The
first session described adequately the present Apollo propulsion
units and provided some additional background. The second session
did not address the title of "launch operations effectiveness"
but was concentrated on a nuts and bolts discussion of facility
(KSC) hardware and systems. Attempts by the ‘audience to pro-
voke a relevant discussion were nicely sidestepped particularly
by the KSC panel members. The session on advanced materials

was the technical highlight of the whole meeting. An AVCO)4 paper
described the fabrication and properties of a new type of fiber-
reinforced material system. Termed "Avco 3-D" the technique pro-
vides reinforcements oriented in three mutually perpendicular
directions and eliminates the low inter-laminar strength constraint
or ordinary reinforced plastic composites. All in all, the data
presented show a break-through has been achieved, i.e., 3-D quartz
phenolic has inter-laminar tensile strengths of 60,000 psi com-
pared to 2300 psi for laminated quartz phenolics. The AVCO pro-
cess may be important to reentry technology as well as rocketry.

The session concluded with a panel in which seven lead-
ing manufacturers of advanced materials discussed their activities.
A summary of the material discussed is presented as Table I. Copies

cf pertinent data amplifying Table I were requested from each

speaker.

The space storable propulsion session presented several

i 3 + AADM  mom e mam Mmoo L
in depth versions of data discusscd at the CART session. The rest

of the papers reported tests and studies that were archaic and
need not be further discussed. An exception was the paper on

Li/Fg/H2 tripropellant combustions. Combustion tests indicate

that high levels of performance can be achieved leading to space
systems having ISP levels in excess of 520 seconds. The reported

technology is the first open literature presentation of such success

and leads to hope of a large performance potential for future
chemical systems.

"Three Dimensionally Reinforced Ablative Rocket Engine Components",
K. M. Jacobs, et al, AVCO Corporation, AIAA Paper 68-598.

5"Combustion Characteristics of the Fluorine/Lithium/Hydrogen
Tripropellant Combination", H. A. Arbit et al, Rocketdyne - a
Division of NAR. AIAA Paper #68-618.
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The sesslon on advanced pressurization system technology
discussed several programs to evaluate more advanced liquid tank-
age pressurization schemes in comparison to existing helium or
engine vaporized propellant systems. Of particular interest was

the successful demonstration of MTI6 (main tank injection). The
propellants used in the study were MHF—S/ClF5 for use in tactical

weapons. MTI has been proposed for Big Dumb Booster (BDB) Appli-
cation using N20u/UDMA. This program is another data point (al-

though small scale) lending credence to the BDB concept.

The session on low cost boosters was classified.
H. S. London also attended this session. A paper by Aerospace
Corporation derived the analytical costing techniques -used to
justify the "low cost" pressure fed approach versus competing solid

boosted competitors. A Lockheed paper7 reported an analysis which
showed no clear cut advantage in the pressure-fed low cost approach.
Later discussion indicated that the cost scaling laws used by

Lockheed may be invalid and unduly penalized the low cost liquid
system.

A Martin company paper (inserted instead of a cancelled
McDonnell Douglas paper) studied the low cost system for use as
strap-ons to advanced Titan family configurations. The Martin
results showed that engine throttling may be necessary and that

a variable area injcctor may be reguired. This impacl on low

cost was conveniently not amplified.

The session was con cluded by a panel discussion on
osters

"Engines Tn Low Cost Roeost The members werce:
J. C. Moise Aerojet General
G. W. Elverum TRW System Inc.
D. Ordahl United Technology Center
S. Iaccabellis Rocketdyne Division of NAR

The panel discussion, directed by X. Chandler of
D. Ross RPL, EAFB were lively. The philosophies presente W
patently parochial. For example, D. Ordahl neatly proved that the
Hybrid system was as good as bipropellant liquid systems. Rocket-
dyne said not to overlook cheap pump-fed systems based on existing

reliable Rocketdyne propulsion. (Technique remove requirements,

)
H
=2

6

"Main Tank Injection for Packaged Liquid Missiles", Foster and
Howell, The Martin Marrietta Co. AIAA Paper 68-627.

7"Slmpllf‘led Liquid Booster Stage Cost Comparisons", R. W. Goldin,
Lockheed (LMSC). AIAA Paper 68-813 (Unclassified).
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downrate performance, reduce testing, etc.). The session was a
good forum for discussion. Ross said the Air Force at RPL was
funding or about to fund deepening studies to justify hopes for
the approach. All members of the industry are anxiously awaiting

these results.
J "
64)\5'“}'”‘ V\Cp)u/

1013-CB-pap C. Bendersky

¢

Attachments
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No. 68-587, Nuclear Propulsion System Requirements Based
on Future Mission Applications, C. D. McKereghan and F.
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